The effect of Tamm-Horsfall protein isolated from urine of healthy subjects on calcium oxalate precipitation was studied in model systems of precipitation. The study was performed using following conditions: concentrations of calcium chloride 10 mmol/1, sodium chloride 150 mmol/1, oxalic acid 300 μπιοΐ/ΐ; pH 6.0, and temperature 310 K. The concentration of Tamm-Horsfall protein varied between 1 -10mg/l. The kinetics of calcium oxalate precipitation was observed by measuring the number and volume of particles in the suspension, and the precipitate composition by an optic microscope. In all the studied systems, the precipitate morphology corresponded to pure calcium oxalate monohydrate. Tamm-Horsfall protein was found to inhibit the growth of calcium oxalate monohydrate crystals and stimulate their aggregation in the given experimental conditions. Both effects were enhanced by increase in the concentrations of Tamm-Horsfall protein and were most pronounced at the concentration of TammHorsfall protein of 10 mg/1.
Introduction
Tamm-Horsfall protein is a membrane glycoprotein originating from the kidney. It is formed in the epithelial cells of the ascending limb of Henle's loop (1) (2) (3) (4) and in the proximal part of the distal tubule as a molecule with a relative molecular mass of 80000. In urine of healthy subjects, 90% of Tamm-Horsfall protein is found in the form of aggregates with a relative molecular mass of 7 Χ 10 6 (5) and to a minor extent (10%) in the form of subunits (80000) and polymers (28'Χ 10 6 ) (6). The role of Tamm-Horsfall protein in the formation of urinary calculi has been known for quite some time, but literature data on its action still vary considerably. Acĉ ording to some authors, Tamm-Horsfall protein is an inhibitor of calcium crystal growth and aggregation (7-9, 12, 17, 18) , whereas others believe that it is actually a proinotor, of the above events (10, 11, 19) . The action of Tamm-Horsfall protein as an inhibitor or a promoter of calcium oxalate crystal growth and aggregation appears to depend on the degree of its aggregation (10) , ionic strength of the medium and the glycoprotein concentration. At low ionic strength, urine Tamm-Horsfall protein acts as an inhibitor of calcium oxalate crystallization (12) . This inhibitory action is also pronounced at very low concentrations of TammHorsfall protein (11) . Tamm-Horsfall protein polymerization in highly concentrated urine results in an opposite action, i. e. in stimulation of calcium oxalate crystal aggregation (10, 11) . Such an effect of TammHorsfall protein is probably due to a decrease in urine pH and increase in urine ionic strength (10) . Therefore, the aim of this study was to assess calcium oxalate as the most common constituent of urinary calculi, and to determine whether Tamm-Horsfall protein acts as an inhibitor or as a promotor of calcium oxalate precipitation, and how Tamm-Horsfall protein influences the processes of growth and aggregation of calcium oxalate crystals.
Materials and Methods
Tamm-Horsfall protein was isolated from urine of healthy adults, males and females, by multiple precipitation with 0.58 mol/1 NaCl (13, 14) .
Pooled urine was diluted with equal amount of distilled water. Solution pH was adjusted to 5.0 using HC1 solution of 1 mol/1. Solid NaCl was added to give a final concentration of 0.58 mol/1. The urine was left at 4 °C for 48 h. The precipitate was collected by centrifugation at 3000 min"" 1 for 20 min at 4 °C and washed with ice-cold NaCl solution of 0.58 mol/1. The precipitate was dissolved in 2 1 water. NaCl was then added to a final concentration of 0.58 mol/1 and the sample left overnight at 4 °C. The suspension was centrifuged at 3000 min" 1 for 20 min at 4 °C. The precipitate was washed with ice-cold NaCl solution of 0.58 mol/1, and redissolved in water. Following a further addition of NaCl, as described above, the material was dissolved in the minimum amount of water and dialysed against distilled water at 4 °C until free of chloride.
The purity of isolated Tamm-Horsfall protein was tested by immunoelectrophoresis with specific antiserum to Tamm-Horsfall protein (IgG fraction, Institute of Immunology, Zagreb, Croatia) and complete antihuman serum (Behring, Marburg, Germany). Complete antihuman serum was used to determine whether isolated TammHorsfall protein is free of albumin and other serum proteins which may be present in urine.
Protein concentration was determined by the method of Rieder (15) and was found to be 2.5 g/1. The concentration was tested by measuring the light absorption on a Hilger-H-700 instrument at a wavelength of 277 nm. Protein concentration was calculated from Ε = ε X c X d. εΓ£η = 10.8 at 277 nm (16) . Solutions of TammHorsfall protein concentrations of 1, 2.5, 5, 7.5 and 10 mg/1 were prepared by Tamm-Horsfall protein dilution with tridistilled water. The solutions of NaCl of 150 mmol/1, CaCl 2 of 20 mmol/1 and oxalic acid of 600 μπιοΐ/ΐ were prepared from p,a. chemicals (Kemika, Zagreb) and filtered through a 0.22 μηι Millipore filter. Oxalic acid pH was adjusted to 6.0 using NaOH solutions of 1 mol/1 and 0.1 mol/1. All solutions were thermostasized at 310 K. Precipitating systems were prepared by mixing equal volumes (100 ml) of NaCl-CaCl 2 and NaCl-oxalic acid solutions, so that final concentrations in the system were: 150 mmol/1 NaCl, 10 mmol/1 CaCl 2 and 300 μιηοΐ/ΐ oxalic acid. Subsequently, an appropriate amount of Tamm-Horsfall protein was added. Before the measurement, the precipitating systems were mixed for l min at 340 min" 1 .
The kinetics of calcium oxalate precipitation was observed by the analysis of changes in the values of total particle number (N tot ) and total precipitate volume (V tot ) during 2 h, every 5 min, on a Coulter Counter MO TA. Changes in the precipitate composition were observed by an Orthoplan optical microscope (E. Leitz, Wetzlar). N lot is one of the output data of the Coulter particle counter, and the values of V tot were calculated from the output data for each measuring time (v n (d n ), V np , N lot ), according to the following formulas:
(fn/I fn) Ntot N n v n canal number particle volume in the η canal volume diameter of the η canal volume percentage total particle number factor proportional to particle number in the η canal particle number in the η canal total particle volume in the η canal total precipitate volume
The above mentioned formulas were used to calculate volume tractions V s ingie (total particle volume with volume diameter of 1.62 μπι ^ d ^ 8.2 μηι) and V aggr (total particle volume with volume diameter of 8.2 μηι < d <52.0 μπι), as follows:
The V sing ie volume fraction corresponded to particles of small volume diameter, i. e. to individual crystals of calcium oxalate. The V aggr volume fraction included particles of large volume diameter that correspond to aggregates of calcium oxalate crystals.
In addition, the crystal growth parameter, a, was defined as the increase in the total volume of small particles (V sing i e ) with time, using the following formula:
where V S i ng ie (0 = total small particle volume at time t Vsingie (1 nun) = total small particle volume at the beginning of measurement (after l min) t = time at which the slope of the Vsingie-time curve reached its maximum
The crystal aggregation parameter, b, was defined as the change in the proportion of aggregated particles (Vaggr) relative to total precipitate volume (V tot ) from the beginning of measurement (min 1) to min 50 of precipitation:
V., where min) -volume of aggregated particles after l min Vaggrcso min) = volume of aggregated particles after 50 min of precipitation V to t(i min) = total precipitate volume after l min V to t(5o min) = total precipitate volume after 50 min of precipitation Tamm Precipitation of calcium oxalate in a TammHorsfall protein-free system
Results

Testing of purity of isolated
Changes in the particle distribution according to their number and volume are presented in figure 1> showing that particles with volume diameter of < 8.2 μπι, i. e. individual calcium oxalate crystals, predominated by min 50 of precipitation, while the,proportion of aggregated particles with volume diameters of > 8.2 μπι was negligible. Only later during precipitation did a shift in the volume distribution toward large particles occur, indicating aggregation of calcium oxalate crystals. The curve delineating the change in the distribution of particles according to their number ( fig. 1) shows the proportion of particles with large volume diameter increased with time, also pointing to particle aggregation. The presence of pure calcium oxalate monohydrate in the precipitate was demonstrated by optical microscopy.
The total number of particles N tot increased abruptly during the first five minutes of precipitation (systems with oxalate concentrations of 300 μπιοΐ/l and 200 μιηοΐ/ΐ), which was accompanied by a gradual increase in V tot ( fig. 2 ), whereafter N tot decreased and V tot continued to slowly rise for some time, which corresponded to the phase of crystal growth. About min 30 of precipitation, V tot assumed constant values, whereas N tot continued to decrease due to aggregation of calcium oxalate monohy- calcium oxalate monohydrate crystals (V single ) predominated throughout the period of precipitation, whereas the proportion of aggregates was low in comparison with the total precipitate volume. fig. 7 ).
Discussion
Literature reports on the role of Tamm-Horsfall protein in the formation of urinary calculi are quite contradictory. The question is still open whether Tamm-Horsfall protein acts as a promotor or as an inhibitor of calcium oxalate precipitation, and how it acts upon particular phases of the process of precipitation, i. e. nucleation, growth and aggregation. According to some authors, Tamm-Horsfall protein is an inhibitor of crystal growth (7, 8, 12, 17) and aggregation (9, 18) , while others have shown promotion (10, 11, 19) or no effect (20, 21) . This contradiction is most probably due to the fact that various studies were performed under different experimental conditions (e.g., concentrations of electrolytes and Tamm-Horsfall protein in aqueous solution or ultrafiltered urine). Furthermore, Tamm-Horsfall protein is present in the urine in the form of subunits and aggregates, which may have different effects on crystal formation (9, 10) . This disagreement in the reports relating to Tamm growth and aggregation of calcium oxalate crystals as the most common constituent of urinary calculi. The study was carried out using conditions in which pure calcium oxalate monohydrate had been previously obtained (22) 
